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This dissertation is comprised of three recent original compositions- Dis Un Il Im Ir, In sin fin 
bin din bin fin sin in, and Percussion+Guitar. Each work has a unique approach to integrating 
instrumental performance with humans and computers. The essay component details unique 
computer-performer interactions I’ve developed to overcome complications in the concert 
presentation of previous acousmatic and mixed media works. The three works discussed here are 
related in their instrumentation and compositional style.  
Dis Un Il Im Ir (2013), for flute, piano, and MIDI keyboard, experiments with the limit of human 
virtuosity and attempts to extend its affect via sound synthesis and digital samples. In sin fin bin 
din bin fin sin in (2104), for four computer-controlled pianos with electronic sounds, focuses on 
repeated melodic and harmonic patterns explored in previous works contrasted with unruly 
mechanical spasms. Percussion+Guitar (2015), for two computer-controlled flutes (contrary to 
the title), features a specially designed instrument built at Columbia University’s Computer 
Music Center. This composition is a duet with a structure defined by heightened rhythmic 
angularity and blazing fast speeds demonstrating the computer's special skills as a performer.  
The essay part of this dissertation includes an analysis of the pitches, rhythms, and gestures 
where appropriate. I provide details about the artistic uses of software and hardware for each 
project. I trace my artistic inspirations for composing with and for computers and robots to my 
experiences in acousmatic music, pop production, and hands-on music making. I describe my 
process of organizing contrasting sounds into form-bearing elements- an approach inspired by 
Pierre Schaeffer’s typomorphology of sound objects later revisited by Lasse Thoresen. The paper 
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In preparing a unifying stylistic description of the work included in this essay, I’m reminded of 
the Canadian composer Paul Dolden’s 2014 album, entitled “Who Has the Biggest Sound.” The 
album is a comment on the fetishization of a bigger, better, faster, louder, (and smarter?) music.  
While my recent work has some relationship with an over-the-top virtuosity, or “Go[ing] to 11”, 
as Nigel Tufnel1 might put it, I’d like to bring to light some of the more detailed concerns I have. 
There seems to exist a boundary between “unbelievable!” and “unbelievable”. That is to say if 
we’re listening to a musical performance and things appear to be too perfect, we might easily 
understand that music as lacking enough error to be human. In fact, empirical research seems to 
support the claim that musical expressivity is linked to changes in timing and articulation that 
traditionally do not appear in musical scores. Adhering too strictly to a rhythmic grid has been 
found to lessen perceived expressivity (Bhatara 2011). Exploring (artistically, not empirically) 
the boundary between mechanical inexpressiveness and human musicality is at the core of the 
work I will be discussing in this essay. 
1.2 My Previous Work: An Exploration of the Human 
I’d like to place the works included in this dissertation in the context of two previous 
compositions. Both are based on the inherent musicality of human language, specifically in 
relation to emotional expression. The research that inspired them is discussed in my 2007 essay, 
“Coloring Regret: Emotional Prosody as a Metaphor for Musical Composition.” 
Within Scenes of Hurt is an acousmatic2 composition from 2006 that takes as source material 
audio from films. Sound samples from actors in the films portraying extreme turmoil were 
stretched, frozen, and examined from every angle, then utilized in the work for the sound’s 
natural musical expressiveness.  
In my 2007 composition for large ensemble, Coloring Regret, I transcribed selected source 
materials used in Within Scenes of Hurt for acoustic instruments. The transcriptions are informed 
                                                
1 A fictional character in the 1984 mockumentary “This Is Spinal Tap” 
2 In this essay I use the term “acousmatic music” to refer to fixed-media works that are intended 
to be played back through speakers or headphones. 
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by a review of empirical research concerning the salient acoustic features within the human voice 
responsible for conveying emotion. In the final composition the original source material is 
presented simultaneously through loudspeakers alongside a live performance of the acoustic 
transcriptions.  
The three projects discussed in this essay continue to explore human expressivity in music, this 
time by contrasting it with mechanical inexpressivity.  
1.3 A Relationship with Acousmatic Music 
My early attempts at music composition were inspired by acousmatic music. Lacking training as 
a performer on a traditional instrument, digital audio workstations3 (DAWs) offered a hands-on 
experience for transforming sounds. The software provided real-time aural feedback, enabling 
me to develop a phenomenologically-based improvisatory approach to composition. The 
simplest form of manipulation the software allowed was the slicing and rearranging of sounds in 
time. Dramatic juxtapositions were possible with millisecond accuracy. 100 or more trumpets 
could stop on a dime exposing a fragile solo violin. These types of juxtapositions influenced me 
and many others of my generation attempting to recreate extreme timbral angularities with 
acoustic instruments.  
From the moment I began composing, I’ve explored methods of combining computer-controlled 
sound with live performers. In earlier works I treated them as one and the same, combining them 
the way a producer would in a studio, with layers of sound adjusted to achieve an exact and 
unique combination. Differences between the realities of the live performance situation and the 
mock-ups I was constructing forced changes in my compositional style and the technologies I 
use. The results are represented by the three projects discussed in this essay. 
1.4 Sound Characters 
The founder of musique concrète, Pierre Schaeffer believed (at least for part of his life) that all 
sounds have the potential to convey musical meaning. He admired the ability of western music 
theory to describe in detail how the organization of pitch and rhythm create musical affect, but 
found these systems inadequate to describe the timbral elements of field recordings. Schaeffer 
                                                
3 A digital audio workstation is a computer software audio editing environment that simulates a 
multi-track tape recorder. Modern DAWs can manipulate both audio and MIDI information. 
Examples include Logic Pro and Protools. 
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wrote Traité des Objets Musicaux (Schaeffer 1966) in an attempt to categorize the fundamental 
aspects of sound with the hope of creating a common vocabulary for theoretical analysis. 
Tableau récapitulatif de la typologie (TARTYP) is the most notable diagram Schaeffer created, 
providing a visual summary of his findings (see Appendix II). Schaeffer’s form of sound object 
analysis requires “reduced listening.” When listening with this method one should attempt to 
momentarily ignore the physical presence that created the sound and the aesthetic influence the 
object might assert and instead concentrate on its acoustic features. For example, is it high in 
pitch? Does it have a sharp attack? Does it seem close to you or far away? Reduced listening 
does not include formal concerns such as when and how often sound objects reoccur. Years later 
(1983), recognizing the potential usefulness but impenetrable complexity of Schaeffer's Traité, 
Michel Chion wrote Guide Des Objets Sonores (Chion 1983) simplifying TARTYP. 
In 2007 Lasse Thoresen presented a third and even more simplified version of TARTYP in his 
article "Spectromorphological analysis of sound objects: an adaptation of Pierre Schaeffer’s 
typomorphology." In it, he even suggests an impressively thorough notational system to describe 
all timbral aspects of sound. Though I've yet to master Thoresen's notation, the simple tools he 
offers to organize and manipulate Schaeffer's concepts have proven invaluable in my 
compositional process. Against Schaeffer's wishes, I have taken his research as a starting point 
for many compositions. 
...even if the Traité makes (or made) every effort to formulate ‘research programmes’ which 
are summarized in the Guide, it has not undertaken or presented them as something that 
could lead to music, in the authentic and respectable sense that this term still has for me. 
Furthermore, these programmes are limited to enumerating theoretical structures, probable 
arrangements, and above all the dominance of certain criteria. Not only does the Traité 
never attempt to encourage composing, but, negatively rather, it warns against this 
prejudice, that confusion. Is it appropriate for me, in the present climate, to praise this 
negativity for its originality? [From Schaeffer's introduction to Guide] (Chion 1983) 
For me, one important concept to emerge from Schaeffer's work is the "sound character," of 
which he distinguishes approximately thirty types. Sound characters are sound objects that are 
recognizable as the same regardless of variation. Thoresen uses the term "play" to describe the 
elements of each sound character that can change while still preserving its distinguishing 
qualities. He describes them as “…features singled out for differential play (the ‘free variables of 
the sound-character’)  with which the composer can ‘play’...” (Thoresen 2009) 
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The terms sound character and play resonate with me aesthetically because of their very human 
associations. Play specifically connects well with the playful nature of my compositions and the 
semi-improvisatory approach to creating the local elements. Terms like motif and variation 
imply a more classical way of composing, differing from my aesthetic intent.  
Though Thoresen considers TARTYP an analytical tool, I often refer to this chart at the 
beginning of the compositional process. I commonly compose a number of fully orchestrated 
sound objects in the early stages of a composition. As a method of challenging my creativity, I 
often attempt to compose at least one sound object that would fit easily into each compartment 
on the graph.  
Character and play have proven to be important metaphors in my conception of formal 
development. My compositions are made up of clearly identifiable local objects that modify 
themselves as they interact with other objects. They experience conflict and resolution similar to 
dramatic structure in novels, plays, and films. 
In Thoresen's third article on spectromorphological analysis, “Form-Building Patterns and 
Metaphorical Meaning” (Thoresen 2010), he offers observations on the function of sound 
characters as form-bearing elements. He suggests that these objects have the ability to form 
hierarchical layers of musical meaning. A large portion of my work is dedicated to exploring 
these possibilities. 
1.4 Human and Machine 
The works discussed in this essay concentrate on three main acoustic features that differentiate 
human and machine musicality.  
1) Speed: Lubomyr Melnyk claims to be the world’s fastest pianist capable of playing 19.5 
notes per second. The mechanical piano and flute discussed in this paper can easily play 
twice that speed and faster, though the affect is very different. (Hawksley 2014) 
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2) Precision: Humans are extremely sensitive to timing deviations in musical performances. 
Computers can control timing and dynamics with such accuracy that it can seem musically 
incorrect or unemotional from a human perspective.4 
3) Stamina: Imagine the tension created when an opera singer hangs on a very high pitch 
longer than anyone thinks is possible. 
 
Obtaining some level of control over all three features is necessary for “good” musicality. 
However, if any are too controlled, the performance is considered inexpressive or even relegated 
to the realm of the absurd. Electronic composers have spent more time avoiding than utilizing 
these phenomena. 
When combined with electronic sounds the presence of the live performer can create some 
confusion, challenging the listener's inability to distinguish accurately between the two modes of 
sound production. Acousmatic music comes from sounds that cannot be seen. This opportunity 
to extend the concert experience is one not available in music for speakers alone. 
There is much conversation in acousmatic music about the ambiguous presentation of sound 
material— the difference between sounds seen and unseen. This conversation is at the core of my 
musical aesthetic, and particularly in the three pieces that I explore in depth in this document— 
the electroacoustic work Dis Un Il Im Ir, and the electromechanical works In sin fin bin din bin 
fin sin in and Percussion + Guitar.   
                                                
4 Built into Logic Pro is a “humanize” function. It adjusts MIDI data so that it is no longer 
precise in terms of timing or velocity. The default settings randomly offset each MIDI event 
forwards or backwards in time approximately 10 milliseconds.  
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2. Dis Un Il Im Ir 
 
 
2.1 Introduction to Dis Un Il Im Ir 
Dis Un Il Im Ir, composed in 2013 for the New York-based Ensemble Pamplemousse, is scored 
for three performers- flute, piano, and MIDI keyboard.  
The listening situation differs from what one might expect by looking at the score. The piano’s 
upper register is prepared with two wooden blocks, making the instrument more percussive and 
obscuring its pitch. The piano is further denatured by sound samples that are triggered in perfect 
synchronicity with each attack. The exact pitches played back in the electronics are generated in 
real-time and therefore differ for each performance. This means that while the rhythmic activity 
is as notated in the piano part, the pitches are not. Likewise, each key on the MIDI keyboard 
controls changes in the electronics resulting in sounds that differ from the notated pitches. 
The flute alternates quickly between sharp percussive elements imitating the piano's preparations 
and fragmented angular pitch material.  
The construction of Dis Un Il Im Ir mirrors that of the two pieces described in the introduction. 
Digital audio workstations have always served as my primary tool for sketching, and for 
developing musical ideas— rather than the staff paper and a pen that have been the standard for 
many composers throughout history. I began this composition by montaging recordings of 
improvisatory flute performance, which were later transcribed. The process was an interplay 




2.2 Technical setup and Electronic Sounds 
 
Figure 2-1: Technical setup. 
Two contact microphones attached to wooden bases rest on the strings of the piano's upper 
registers. Computer attack detection analysis provides differing impulses when notes are played 
within one of the two pitch ranges. Software created in Max/MSP maps those impulses to digital 
piano samples, creating the illusion of an electronically prepared piano. The MIDI keyboard 
dynamically alters these mappings, allowing the piano to trigger different sounds in different 
parts of the piece. All possible mappings include some amount of randomization of the sampler's 
pitches, making each performance unique. 
The MIDI keyboard serves a second function, triggering electronic sounds independent of the 
piano. Some keys trigger clusters or single notes, others trigger gestures of rapidly repeating 
piano pitches and fast arpeggios. Each of the MIDI keyboard's 25 sounds belong to one of the 6 
basic categories described below. 
Samples 









cycles and mapping synthesis
* The flute is amplified to better blend with the electronics.
 
 8 
 2) Piano Gestures: 2 instances. Fast arpeggios with the last notes sustained. 
 3) Rapid Repetitions: 11 instances. Always piano samples.  
4 are repetitions of a single pitch at a constant tempo [x at q   = 216].  
4 are repetitions of a single pitch at a constant tempo [x at q   = 150].  
1 is a tremolo between two pitches at a constant tempo [x at q   = 250].  
1 is a tremolo between two pitches [x at q   = 126 that accelerando to q   = 250 over 
.75 seconds].  
 4) Sustained Flute: 2 instances. Half-step deviation from the live flute. 
Synthesis 
 5) Low Rumble: 1 instance. White noise through a low pass filter. 
 6) Physical Modeling Synthesizer: 3 instances of Logic’s synthesizer, Scultpure.  
Every electronic sound in this composition is controllable by the performers. They are able to 
navigate to any section of the piece without assistance from a technician, making rehearsals 
natural and simple. Unlike compositions that utilize a fixed-media component, the tempo is 
decided by the performers and can be varied based on their comfort with the material, the 
acoustics of the performance space, or artistic interpretation. 
2.3 Sound Characters in Dis Un Il Im Ir  
The following is a list of the 7 to 9 most easily identifiable sound characters in Dis Un Il Im Ir. 
The chart describes the spectromorphological sound character component and the play 
component. This analysis is similar to Thoresen's method for defining sound characters in 
"Sound-objects, Values and Characters in Åke Parmerud Les objets obscurs". (Thoresen 2009) 
Sound Character5 Play 
A: flute inhale/exhale length, fragmentation (m24) 
B: steady piano pulse layering, length 
C: low rumble length 
D: sharp staccato attack  pitch 
E: ½ step in flute length,, rhythm (though always irregular), 
computer doubling 
                                                
5 Please see Appendix I for notated examples from the score. 
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F: 32nd note figure loop, fragmentation 
G (or E): high, fast ½ step n/a (always the same) 
H: rhythmic synth sound n/a (only occurs once) 
I (or E): flute harmonic n/a (only occurs once) 
Figure 2-2: List of sound characters for Dis Un Il Im Ir. 
The composition opens with sound characters of different types (as related to TARTYP) 
purposefully juxtaposed with disjointed demarcation6.  
Because these sound characters are presented in sharp contrast in the opening page of the 
composition, their classification as distinct objects is perceptually unambiguous. As the work 
progresses it becomes difficult to distinguish a variation of a previously presented sound object 
from an entirely new one; the perceptual ambiguity is increased, for example in mm. 25-28. 
2.4 Form: Juxtaposing Sound Objects 
Dis Un Il Im Ir is in three main sections and six smaller subsections.  
 Section 1 (mm1-64) 
  Section 1.1 (mm1-25.3): Presentation of SCs 
  Section 1.2 (mm25.3-48): Fast contrasts, fragmentations 
  Section 1.3 (mm48-64): Focus on SC F 
 Section 2 (mm64-82): Focus on SC I 
 Section 3 (mm82-102)  
  Section 3.1 (mm82-92) Take over of SC F (fragmentation) 
  Section 3.2 (mm92-102) Stuck on SC F (fragmentation) 
Form is developed through the contrast, variation, interaction, and transformation of the 
aforementioned SCs. E and F are the two most important SCs— they take up the most amount of 
time in the piece, with a supporting role played by SC I. The large-scale form is loud-soft-loud or 
active-static-active. The contrast of sound objects in the introduction can be seen as a local 
representation of the global form, for example in m. 15 (active), mm. 16-17 (static), m. 18 
(active). 
                                                
6 According to Thoresen, (2010) Disjointed demarcation is one of six possible ways to move 
between musical subdivisions, or “Time-fields”. 
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The perceived energy in the piece is controlled not only by the relative energy of each SC, but 
more importantly by the number of SCs being juxtaposed at any moment. SCs are always 
attempting to force out others and dominate the textures. 
While the predominate sound character at the end of the work is a simple steady 32nd-note 
pattern, the accent structure is shifted by the randomization of samples. An unpredictable 
rhythmic hierarchy is created by grouping the higher pitches as accents. Instrumentalists who 
have performed this work will attest to the perceptual complications this simple displacement of 
accent provides.   
2.5 Human-Machine Relationship 
The performers are pushed to the limit of human virtuosity and perhaps over the edge with rapid- 
fire digital samples and physical modeling synthesis. Rapidly repeated electronic piano pitches 
appear in the most dense sections, pushing the rhythmically angular texture into the machine 
realm (see mm. 40-41). The mechanical sounds of the samples are distinguished from the live 
performer because of their slightly faster speed, but perhaps more noticeable is the consistent 
timing and dynamic of every attack. A human performer would likely provide more variation to 
the sound. 
Electronic doublings of the live flute intensify the timbre in the rare moments of sustained 
pitches. Live flute and the electronic version are nearly similar, except that the sample does not 
need to breathe to sustain a pitch. The best example of this is mm. 59-63. Notice the live 
performer is instructed to take a loud audible inhale at one moment, accentuating the contrast. 
In both cases, the electronic sounds are near imitations of the live instruments, but one element is 
changed just enough to make it distinctly nonhuman.   
The electronic sounds function not only as extensions of the acoustic instruments, but also as 




2.6 Recording and post production 
Much of this work's unique character comes from the tension between the angular rhythmic 
structure and tight rhythmic synchronization. Small rhythmic deviations will always exists 
between even the most well-rehearsed and experienced performers.  
It is of course possible for the recorded version of the work to be precise to the millisecond. The 
tighter the performance, the better the affect. This begs the question: if this once in a lifetime 
performance—captured on recorded media—is the ideal way to listen to this music, then what of 
the live performance with all its unpredictability? My next project (chronologically and 
discussed in this essay) needed to address this question. It could have gone in one of two ways: 
create a live performance that was capable of being realized in an extremely precise manner, or 
create a performance situation that allows for more flexibility.  
I chose the former for my next piece, In sin fin bin din bin fin sin in, for 4 mechanically-
controlled pianos.  
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3. In sin fin bin din bin fin sin in  
 
3.1 Electromechanical Music as an Extension of Acousmatic Music 
My compositional process involves the following stages: 
1) Abstract experimentation with sound: Little or no ability to predict the sonic result of a 
process, manipulation, or combination of materials. In In sin fin bin din and similar 
pieces, experimentation involved harmonic and rhythmic permutation. In other pieces, 
such as Percussion+Guitar (to be discussed later) it concerned the reorganization of 
decoupled physical parameters involved in performing a musical instrument (for 
example, one organizational method for a flutist’s breath control, another for their index 
finger, and so on.) 
2) Audition and analysis of found sounds for relatedness, developmental possibilities and 
personal preference. 
3) Organization of sounds vertically and linearly to form larger chunks. 
4) Abstract permutations of larger chunks. 
5) Repeat, starting at step 2 
6) Transcribe for instruments (if applicable) 
I transcribe my ideas into music notation at the end of the compositional process. This working 
method tends to produce intuitive constructions that leave room for accidents and 
experimentation. However, this also poses an interesting problem— the only access point the 
performers have to a new work is the notation, but for me it’s an afterthought. In acousmatic 
music there is a direct link between the digital sketch pad and the musical result, but this is not 
normally possible when composing for acoustic instruments. 
In sin fin bin din and the last work discussed in this essay, Percussion+Guitar, are examples of 
what I will refer to as “electromechanical music.” These are works that use motors or solenoids 
(electromechanical devices that move a piston when an electrical charge is applied) acting on 
physical materials, instead of speakers, to create sound. They are controllable by a computer, 
making it possible to write music for acoustic instruments without the need for a human 
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performer. Yamaha’s Disklavier, a computer-controlled piano, is one such commercially 
available device. The composer communicates musical ideas to the device with computer 
software instead of notation offering some advantages and disadvantages. Rhythmic ideas that 
are difficult to notate, such as polytempo relationships that do not align with standard metric 
grids, can be easily achieved. Something quite natural for a human performer such as musical 
phrasing, however, can be difficult to achieve. There also exists new opportunities for 
manipulation of live sound in performance, in ways previously only achievable by modifying 
recordings. Extreme speeds, precise timing, and increased stamina  (as outlined in chapter 1) are 
some of the most obvious. For these reasons, I consider electromechanical music to be a link 
between the acousmatic and acoustic traditions. 
3.2 Machine Alone 
In sin fin bin din bin fin sin in (2104) is an electromechanical composition for four computer-
controlled pianos and electronic sounds. Repeating melodic patterns are expanded through sum 
and difference tone calculations, creating a continuously evolving harmonic environment linked 
by a simple modal melodic fragment. Unruly mechanical spasms reminiscent of Dis Un Il Im Ir 
interject. Loudspeakers located under each instrument add piano samples in non-tempered 
tunings, extending the instruments' harmonic capabilities. The complete fusion of synthetic and 
acoustic sounds is made possible in part by the computer-performer's extreme rhythmic 
accuracy. 
The mechanical nature of this composition is made further evident by the control of dynamics. 
Large sections of the pieces are performed at an extremely regular forte, contradicting normal 
human tendencies to shape phrasing with volume. For human performers to play with such force 
on each attack would be quite tiresome if not impossible. This unique performance style 
contributes to the obsessive nature of the work. If we define dynamic changes on piano as the 
varying the force applied to the strings by the hammer, there are very few in this composition. 
Instead, perceived dynamics changes are a result of chord and texture density.  
The score for this composition for analysis only, and is not intended to be performed by humans. 
Every sound, from both the live pianos and the electronics, are precisely notated.  
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3.3 Technical Setup 
In sin fin bin din is performed by four computer-controlled pianos (Yamaha Disklaviers) 
arranged in a line across the front of the performance area. Each piano receives MIDI 
information from a computer running Logic Pro. Loudspeakers located under each instrument 
receive audio information from sampler instruments in Logic. 
3.4 Pitch material 
The pitch material for the entire composition originates from a short melodic fragment. I began 
using this fragment in my 2007 composition Coloring Regret. As described in the essay 
accompanying that composition (Jacobs 2007), the melody has a distant relationship with lament 
motives in Romanian folk music. In sin fin bin din ignores the emotionally charged implications 
in the original source material- another example of contradicting the human and mechanical.  
 
Figure 3-1: Melodic source material for In sin fin bin din bin fin sin in. 
To generate the pitch material for this composition I superimposed this simple five note 
descending modal fragment with a copy of itself transposed up a whole step. For each repetition 
of the original, the superimposed line is rotated one position, displacing the first note to the end 
of the fragment. It is then rotated one step further for the next repetition. After six repetitions the 
superimposed line is realigned with the original. The process is then repeated, each time 
transposing the superimposed line up another half step. The result is a self-similar body of pitch 
material that has a constantly changing intervallic relationship. The jumps between the end and 
beginning of each fragment create an accent, interpreted as an irregular composite rhythm. 
 
Figure 3-2: Rotations and transposed cycles. 
Sum and difference tone calculations are used to create harmonies from the superimposed 
melodic fragments. The sum of the frequencies of the original (f1) and the superimposed note 
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(f2) result in f3. The harmonies can be expanded by summing f2 and f3 resulting in f4, and so on 
until the pitches exceed the playable range of the piano. The composition was shaped by carving 
away at these harmonies. Not all are used in the final work. 
 
Figure 3-3: Sum and difference tone expansions. 
 
3.5 Sound Characters7 
 
Sound Character Play 
A: cyclical harmonies transpositions, deleting parts 
of the larger harmony, 
repetitions, rhythmic 
irregularities, sustained pitches 
B: static pulses pitch (per instance) 
C: fast sporadic chords based on the primary harmonic 
cycle, more tightly voiced, in contrasting registers 
range 
D: stretched-out versions of the original melody, mostly in 
octaves. 
length 
E: fast repeated note crescendo n/a 
F: quiet prepared piano sounds  pitch, density 
G: fast, compact range primary cyclic harmonies transposition 
Figure 3-4: List of sound characters for In sin fin bin din bin fin sin in. 
                                                
7 Each sound character is identified in the score. 
frequency 1 + frequency 2 = frequency 3
frequency 2 + frequency 3 = frequency 4
...














3.6 Form: Layering and Transforming Sound Characters 
The form of In sin fin bin din is in three main sections, again loud-quiet-loud. The perception of 
distinct SCs are less obvious than in Dis Un Il Im Ir because they are presented in combination. 
SC A is present for the entire composition but changes slowly throughout. In most of the work, 
the SCs are presented additively, as opposed to the stark juxtapositions in Dis Un Il Im Ir. There 
are three sections of fairly equal length. They are delineated by what Thoresen calls "vague 
demarcation", meaning it’s difficult to decipher where one SC starts and another ends. (Thoresen 
2010). 
The form is a free flow of closely related SCs. SC A shifts in function between a foreground and 
background element. Each section is defined by the perceived presence of a different SC: SC A 
in Section 1, SC F in Section 2, and SC G in Section 3. Other SCs are less important formally.  
 
Figure 3-5: Presence of individual SC. The grey profile represents the composite directionality. 
Section 1 (m1 –  approx. m86) 
 
Figure 3-6: Section I phrases. 
Section 1 is made of five self-similar phrases dominated by large staccato chords (SC A) in 
pianos 2 and 3. The microtonal pitches in each chord are performed with samples played through 
the speaker under each instrument. Quieter repeated notes separate each phrase (SC B). SCs C, 








Section 1 Section 2 Section 3
A B A B A B A AB
1:19




In Section 1 select pitches in the staccato chords are sometimes sustained. Fast arpeggiations 
contrast precisely aligned chords. Besides its cyclical pitch structure, SC A is defined by an 
obsessive rhythmic quality— a key component to this composition. 
The opening five chords set up an expectation of rhythmic predictability. Each attack comes 
slightly before the last in a subtle accelerando. The next five chords contradict that expectation. 
They make it much more difficult for the listener to find a steady pulse. The rest of the piece 
plays with these two perspectives. The rhythms seem to get clogged, as though they are a chunky 
liquid attempting to pass through a funnel whose opening is nearly too small. SCs C, D, and E 
provide bursts of activity, loud and unpredictable, further complicating the rhythmic activity. At 
times the music gets stuck in loops, imposing a clear pulse. These instances provide moments of 
ordered contrast in the otherwise stuttering progression of staccato chords. 
Section 2 (approx. m86 – approx. m225) 
This section is characterized by a takeover of prepared piano sounds (SC F). The clear pitch 
material in the piano’s middle register is slowly replaced by muted, pizzicato, and prepared piano 
samples. What’s left of the acoustic piano sounds is pushed to the extreme highs and lows of the 
instrument. The quieter texture makes this section seem more delicate when compared to the 
large aggressive chords that dominate Section 1. 
Section 3 (approx.. m225 – end)  
SC X (Figure 3-4) is a composite SC made mostly of A and C. SC X is a quickly contrasting 
sped-up version of earlier gestures. SC G, made of very fast and vertically compressed melodic 
fragments, is the dominate feature of this section. SC A still can be heard in the background. 
On the surface, SC G restores a rhythmic regularity suggested by the first five chords of the 
entire composition. It is quickly obvious, however, that while presented as a constant sixteenth-
note rhythm, an irregular accent structure disorients a sense of steady pulse. 





4. Instrument Building 
 
4.1 Arduino and the Computer-controlled Flute 
The increased availability of low-cost electronic components have heightened the artist’s ability 
to connect computer software with physical objects. The first Arduino (a small programmable 
computer with inputs and outputs capable of interacting with the physical world) was developed 
in 2005 and has become increasingly more accessible. Rich online resources exist to answer 
questions and to teach the novice user the programming and electronics skills necessary to utilize 
these new technologies. The Arduino’s potential for interaction goes both ways— from sensors 
and physical interfaces controlling software, and from software controlling physical devices such 
as motors and solenoids. My involvement with this technology has been with the latter.  
As mentioned above in connection to In sin fin bin din, computer-controlled instruments link the 
sketch pad with the concert presentation of acoustic instrumental composition. Yamaha's 
Disklavier is an example of one such instrument that already does this; solenoids act as a 
performer's fingers on a traditional instrument. The computer-controlled flute that I have 
developed at Columbia University's Computer Music Center is similar. 
This instrument is controlled by software created in Max/MSP that communicates with an 
Arduino Uno over USB. The software controls the fingering and also the amount of air pressure 
supplied by a small air compressor. The air tank is charged prior to performance to avoid 
extraneous noise. The normal flute mouthpiece has been replaced with a whistle, effectively 
fixing the flute’s normally adjustable embouchure. Overtones, however, are still possible 
although linked to the amount of air pressure— and therefore volume. 
4.2 Percussion+Guitar 
Percussion+Guitar (2015), for two computer-controlled flutes (contrary to the title) 
demonstrates this instrument’s unique abilities, especially when compared to human performers. 
Percussion refers to the tapping sound of the solenoids and Guitar refers to the technique of fret-
tapping on electric guitar. I use both these techniques in Percussion+Guitar. This instrument lent 
itself to a very different type of composition than In sin fin bin din, and indeed of anything I have 
done before.  
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For this piece, both flutes have only six “fingers” capable of depressing the following keys. This 
decision was partly technical (this version runs on a smaller power supply than would be 
necessary for more solenoids) and partly artistic. The limited melodic material allowed me to 
focus on the rhythmic and percussive aspects of the work.  
 
Figure 4-1: Flute fingering possibilities for Percussion+Guitar. 
There are 49 possible fingering combinations (including the open fingering); however, not all of 
them alter the sound of the instrument. None are conventional flute fingerings. Each fingering 
reacts differently depending on the amount of air pressure applied to the mouthpiece. The 
possible sounds include microtones and multiphonics.  
When compared to a human performer, the computer-flute has the unique ability to easily 
decouple the mechanics of performance. Each finger and precise breath control is on an 
independent musical “stream”, capable of having its own tempo or rhythmic properties. For this 
composition, I chose to apply a system of cycling patterns (as I did in developing the harmonic 
vocabulary in In sin fin bin din) to the instrument’s fingering and breath control. The 
composition is made largely of static looping structures, with each finger having a different 
number of on/off steps in its sequence.  
In the research phase of this composition I experimented with all possible combinations of 
fingering and air pressure. Compositional decisions were made based on the results of those 
experiments. The tablature notation used in the score reflects the physical movements the 
machine must execute to perform the piece, but not the resulting sounds.  
Unlike a human performer that executes a series of movement in order to realize a sound 
represented by a score, the robot flute has no aural feedback that it can use to adjust its 
performance style. This performer is entirely deaf, and has no previous knowledge about how to 
control its instrument in order to achieve a desired result. The computer-controlled flute has no 
need for, and in fact does not understand meter or bar lines, therefor the temporal dimension is 
 
 20 
notated proportionally. This score contains all the information necessary for this unique 
performer to execute the work successfully.  
For the human observer, the score provides insight into the relationships between the multiple 
tempi in a way that would be difficult to visualize in traditional notation. Missing from tablature 
notation is any information about resulting pitches. This decision reflects the priority I placed on 
exploring the special physical abilities of this instrument. There has in fact been a tradition in 
western classical music to notate in such a manner— Helmut Lachenmann’s 1969 composition 
Pression for solo cello perhaps being one of the most referenced. 
Compared to Pression, Percussion+Guitar might seem a more likely candidate for traditional 
notation because of the clear and limited pitch materials. By doing so, however, I would run the 
risk of prioritizing the clear resulting pitches over other sonic phenomena. One resulting 
omission of special importance to me would be the actuation of the solenoids. The very first 
event in the composition demonstrates this sound alone, without air going into the instrument. 
The listener will notice that the mechanism makes two sounds— one when the key is depressed 
(a combination of the solenoid’s piston making contact with its casing and a key click from the 
flute) and another when it is disengaged. Also audible in the recording (and notated in the 
graphic score) is the sound of the motor turning as it adjusts the air flow from the compressor. 
Even more sonically interesting and difficult to represent in a traditional score are the irregular 
accents that can be heard during very fast sections, for example 0:04-0:10. From the score, one 
might assume this fingering pattern would produce a steady tone, however the resulting sound is 
reminiscent of a chirping bird.  
Another SC that is difficult to notate is the sum and difference tones clearly audible from 1:41-
2:43. They constitute an important part of the texture. Though the ultra-fast fingering movements 
are an impressive ability of this instrument, the stability of the air stream establishes its distinctly 
non-human character. This constant flow of air makes the sum and differences tones more 
present. 
Much of the musical affect in Percussion+Guitar comes from exact (mechanical) repetitions. 
Patterns come in and out of phase both on the level of the fingers and the synchronizations 
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between the two instruments. Dramatic flow is related to the density of these patterns. A higher 
number of audible patterns translates to more musical energy.  
5. Future Work  
From this essay, one might get the impression that I’m interested in replacing humans with 
mechanical performers. This is not the case! Exploring machines has instead opened the door to 
the unique possibilities human performers offer.  
My next project, commissioned by Ensemble Pamplemousse, will attempt to again combine the 
mechanical and natural. The work is for violin, cello, and two other performers operating 
computer-controlled slide whistles. Software communicates with motors attached to the whistles 
to allow for precise positioning (tuning) and fast gestures. Live performers supply the breath and 
control the whistle’s movement with a MIDI keyboard. This work will take advantage of the 
computer’s ability to be fast and precise, and the performer’s abilities to modify the live 
performance based on musical concerns. 
 
Figure 5-1: Double mechanically adjustable slide whistles. 
Another “next project” utilizes computer-controlled instruments as sound art installations. 
Electromechanical music is poised to be a much-needed link between art that exists in the gallery 
and that which exists in the concert hall. Since performer stamina is not an issue for such devices 
(or rather is extremely extended— eventually the mechanical components will fail), a piece 
could theoretically go on indefinitely.  
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The computer-controlled flute has been presented in such a manner. The gallery piece is made of 
the computer-controlled flute, one loudspeaker, and one air compressor. As described above, the 
flute’s breath is provided by compressed air. In an installation setting the compressor’s small 
tank will become depleted rather quickly, and must be refilled every couple minutes. The loud 
sound of the compressor running becomes another component to the piece. Sine waves are 
projected through the speaker to modify the static sound of the compressor. 
 
Figure 5-2: Flute and Compressor, a sound installation. 
6. Conclusion 
Both my mixed (electronic/acoustic) and electromechanical compositions explore connections 
between machines and humans. My works focus on artistic uses of the most salient features that 
distinguish the two. Exploring mechanical sounds has made me re-evaluate the live concert 
experience and changed the way I imagine the role of the performer. My newer compositions 
must take advantage of the human performer’s ability to listen and react to sound. The physical 
actions or presence of a performer on stage also now has an amplified resonance.  
From Brian Kane’s article appearing in the Oxford Dictionary: 
 
 23 
In a late interview, Schaeffer lamented that he had wasted his life; there was no music 
capable of being written outside of the regime of the note. (Kane 2014)  
Ironically, it has been partly because of Schaeffer’s efforts in analysis that I have found my way 
to my unique compositional method. I routinely use his compositions when teaching students 
about the history of electronic music, to which they respond positively and enthusiastically. The 
typologies he created provide a backbone to my construction of musical discourse. Concepts like 
sound character and play, developed by Schaeffer and later Thoresen, form the basis of my 
arrangement and development of musical objects.  
The ease with which one can now control physical objects with computers suggests that more 
artists and musicians will be employing these technologies with increasing frequency. Such 
devices are exciting for composers interested in extending possibilities for performance on 
traditional instruments, or for inventing entirely new ones. I, for one, expect the future of music 
to connect humans and machines in an increasing number of ways. The digital revolution now 
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